Abstract. New broad-band linear polarization measurements are presented for a sample of 47 QSOs which includes 27 broad absorption line QSOs and 2 gravitational lens candidates.
Introduction
Since the systematic surveys of Moore & Stockman (1981 , 1984 , the optical linear polarization has been recognized as an important quantity for understanding the nature of quasi-stellar objects (QSOs), namely due to the fact that polarization is an indicator of departures from spherical symmetry. This is particularly true for the broad absorption line (BAL) QSOs which appear systematically more polarized than other radio-quiet QSOs.
The new data presented here have been obtained to complement our recent study of BAL QSO polarization , as well as to further investigate the discovery of large-scale coherent orientations in the distribution of quasar polarization vectors (Hutsemékers 1998) . While the results of these investigations will be published elsewhere (Hutsemékers & Lamy, in preparation) , the present paper provides the full set of new polarimetric data, with details on the observations, the data reduction, and the measurements.
The observations
The polarimetric observations were carried out during several runs at the European Southern Observatory (ESO La   Tables 3 and 4 are also available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html Based on observations collected at the European Southern Observatory (ESO, La Silla).
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Silla, Chile) from 1996 to 1999, using the 3.6 m telescope equipped with the EFOSC camera and spectrograph. In 1996, the instrument was EFOSC1 and the detector a 512×512 TeK CCD (ESO#26) with a pixel size of 27 µm corresponding to 0. 605 on the sky (Melnick et al. 1989 ). Later, EFOSC1 was replaced by EFOSC2, and the detector was a 2048×2048 Loral/Lesser CCD (ESO#40) with a pixel size of 15 µm corresponding to 0. 157 on the sky (Patat 1999) . The latter CCD was used in a 2×2 binning mode, except in October 98.
With EFOSC, polarimetry is performed by inserting in the parallel beam a Wollaston prism which splits the incoming light rays into two orthogonally polarized beams. Each object in the field has therefore two images on the CCD detector, separated by 10 or 20 (depending on the Wollaston), and orthogonally polarized. To avoid image overlapping, one puts at the telescope focal plane a special mask made of alternating transparent and opaque parallel strips whose width corresponds to the splitting. The object is positioned at the centre of a transparent strip which is imaged on a region of the CCD chosen as clean as possible. The final CCD image then consists of alternate orthogonally polarized strips of the sky, two of them containing the polarized images of the object itself (di Serego Alighieri 1989 Alighieri , 1998 Lamy & Hutsemékers 1999) . Note that the polarization measurements do not depend on variable transparency or seeing since the two orthogonally polarized images of the object are simultaneously recorded. The 20 Wollaston was used during the September 96, April 98, and September 99 observing runs, while the 10 Wollaston was used in October 98 and April 99.
In order to derive linear polarization measurements, i.e. the two normalized Stokes parameters q and u, frames must be obtained with at least two different orientations of the Wollaston. With EFOSC1, this was done by rotating the whole instrument by 45
• (usually at the adapter angles 270
• and 225 • ) such that, for each object, two frames were secured (Melnick et al. 1989) . The excellent transmission of the Wollaston makes these two orientations sufficient (di Serego Alighieri 1989). With EFOSC2, a half-wave plate (HWP) is inserted in the optical path and four frames with the HWP at position angles 0
• , 22.5
• , 45
• , and 67.5
• were obtained, without the need of rotating the whole instrument (Schwarz & Guisard 1995) .
Most observations were done with the Bessel V filter. A few additional ones were obtained with the Gunn i filter. Typical exposure times are around 5 minutes per frame. Seeing was around 1. 2 except in September 99 (∼ 5 ). In addition, polarimetric calibration stars were observed in the same filters in order to unambiguously fix the zero-point of the polarization position angle and to check the whole observing and reduction process. The observed standard stars are given in Table 1 .
Data reduction
Considering first the two frames obtained with the EFOSC1 rotated at 270
• and 225
• , the normalized Stokes parameters q and u are given by 
where I u and I l respectively refer to the intensities integrated over the upper and lower orthogonally polarized images of the object.
When the four frames with the HWP oriented at 0 • , 22.5
• and 67.5
• are considered, the normalized Stokes parameters are derived using the following formulae: 1998 1 ), but is essential for correcting the effects of image distortions introduced by the HWP (Lamy & Hutsemékers 1999) . Note that q and u are measured with respect to the instrumental reference frame.
It is clear from these relations that intensities must be determined with the highest accuracy. For this, the data were first corrected for bias and dark emission, and flat-fielded. A plane was locally fitted to the sky around 1 We confirm the low intrumental polarization measured by di Serego Alighieri (1998). Indeed, on 27 April 1998, we have observed an unpolarized standard star (HD 154892, from Turnshek et al. 1990 ) for which we measured pV = 0.06 ± 0.02 %, using Eq. (2). each object image, and subtracted from each image individually. Since it appeared that standard aperture photometry was not accurate enough, we have measured the object center at subpixel precision by fitting a 2D Gaussian profile and integrated the flux in a circle of same center and arbitrary radius by taking into account only those fractions of pixels inside the circle. With this method, the Stokes parameters may be computed for any reasonable radius of the aperture circle. They were found to be stable against radius variation, giving confidence in the method even when the object images are distorted (Lamy & Hutsemékers 1999) . In order to take as much flux as possible with not too much sky background, we fixed the aperture radius at α × [(2 ln 2) −1/2 HWHM], where α = 2.5 with EFOSC1 and α = 3.0 with EFOSC2 to account for the image elongation introduced by the HWP. HWHM represents the mean half-width at half-maximum of the Gaussian profile. Note that in the few cases where the objects are resolved into multiple components, we use the smallest rectangular aperture encompassing all the components. The whole procedure has been implemented within the ESO MIDAS reduction package.
First applied to the calibration stars, the method provides polarization degrees in excellent agreement with the published values. During some nights more than one star has been observed (Table 1) in order to check the stability and the reliability of the zero-point offset of the polarization position angle. For all stars observed during a given night, the values of the angle offset do agree within 1
• , which is quite small given the fact that the EFOSC2 HWP is not achromatic. The normalized Stokes parameters q and u were then computed for the QSO sample, and modified according to the zero-point offset determined for each night independently. The uncertainties σ q and σ u are evaluated by Table 2 ), and the maximum interstellar polarization degree pISM derived from the Burstein & Heiles (1982) reddening maps [+] . Only B1333+2840 (p0 = 5.9%) is not represented here computing the errors on the intensities I u and I l , from the read-out noise and from the photon noise in the object and the sky background (after converting the counts in electrons), and then by propagating these errors in Eqs. (1) or (2). Uncertainties are typically around 0.1% for both q and u.
Since on most CCD frames field stars are simultaneously recorded, one can in principle use them to estimate the residual instrumental polarization, and to correct frame-by-frame the QSO Stokes parameters. However, the field stars (even when combined in a single "big" one per frame) are often fainter than the QSO, and a frame-byframe correction introduces uncertainties on the QSO polarization larger than the instrumental polarization itself. We then computed the weighted average (q and u ) and dispersion (σ ) of the normalized Stokes parameters of field stars considering the (n ) frames obtained during a given run. These values are given in Table 2 for the two runs with enough data. Note that possible contamination by interstellar polarization is included in the uncertainties. These values indicate that the residual instrumental polarization is small, as expected since most of the instrumental polarization is removed by the observing procedure. We nevertheless take it into account in a rather conservative way by subtracting the systematic q and u from the QSO q and u, and by adding quadratically the errors. For those objects observed in other runs, no systematic correction was applied; only the errors were similarly combined assuming, quite reasonably, that they are typical of the instrument. Table 3 lists the QSO position-name (B1950 or J2000), its redshift z, the date of observation (dd-mm-yy), the filter used, the QSO normalized Stokes parameters q and u, the uncertainty σ of the Stokes parameters 2 , as well as the field star normalized Stokes parameters q and u and the associated uncertainty σ . The normalized Stokes parameters are given in the equatorial reference frame. Objects marked with an asterisk are BAL QSOs (cf. Brotherton et al. 1998; Green et al. 1997; Korista et al. 1993; Schmidt & Hines 1999; Stocke et al. 1992; Hewitt & Burbidge 1993 and references therein).
The results
The final values of the QSO normalized Stokes parameters q and u, corrected for the residual systematic instrumental polarization (cf. Table 2) are given in Table 4 . Then, from these values, the polarization degree is evaluated with p = (q 2 + u 2 ) 1/2 . The error on the polarization degree is estimated by σ p = (σ 2 + σ 2 ) 1/2 taking into account the values of Table 2. Note that the complex statistical behavior of the polarization degree should be kept in mind (Serkowski 1962; Simmons & Stewart 1985) . Indeed, since p is always a positive quantity, it is biased at low signal-to-noise ratio. A reasonably good estimator of the true polarization degree, noted p 0 , is computed from p and σ p using the Wardle & Kronberg (1974) method (Simmons & Stewart 1985) . The polarization position angle θ is obtained by solving the equations q = p cos 2θ and u = p sin 2θ, while the uncertainty of the polarization position angle θ is estimated from the standard Serkowski (1962) formula where p 0 is used instead of p to avoid biasing, i.e. σ θ = 28.
• 65 σ p /p 0 . All these quantities are given in Table 4 . Note that due to the HWP chromatism over the V band, an additional error on θ ≤ 2 − 3
• should probably be accounted for (cf. the wavelength dependence of the polarization position angle offset in di Serego Alighieri 1998).
Since nearly all objects in the sample are at high galactic latitudes (|b II | > 30
• , except B1451 − 3735), the contamination by interstellar polarization in the Galaxy is expected to be small. This may be verified using the Burstein & Heiles (1982) reddening maps 3 . The maps provide E(B − V ) values from which the interstellar polarization is estimated with the relation p ISM ≤ 8.3% E(B − V ) (Hiltner 1956 ). These upper limits on p ISM are reported in Table 4 . All but four are smaller than 0.3%, indicating a negligible contamination by the Galaxy. Polarization of faint field stars recorded on the CCD frames also provide an estimate of the interstellar polarization. The dispersion of their Stokes parameters (Table 2) indicates that actually both the instrumental and interstellar polarization are small. This is illustrated in Fig. 1 , where the QSO polarization is compared to the field star polarization (interstellar + instrumental), and to the maximum interstellar polarization derived from the Burstein & Heiles maps. We may therefore safely conclude that virtually any QSO with p 0 ≥ 0.6% is intrinsically polarized, in good agreement with our previous results , and with those of Berriman et al. (1990) obtained for lowpolarization Palomar-Green QSOs. Note that several objects with p 0 < 0.6% have a polarization position angle similar to that of field stars, indicating that contamination is probably real at these low polarization levels (while no deviation from uniformity is found in the distribution of angle difference for objects with p 0 ≥ 0.6%).
For some QSOs of our sample (B0059 − 2735, B1157 − 2354, B1429 − 0053, B2240 − 3702), polarimetric measurements have been obtained at different epochs with the same filter and instrumentation (cf. Hutsemékers et al. 1998 ). The agreement is generally excellent, providing no evidence for polarization variability. Only the polarization degree of B1429 − 0053 is marginally different, possibly in relation with its suspected gravitationally lensed nature.
Conclusions
New broad-band linear polarization measurements have been obtained for a sample of 47 QSOs down to an accuracy of ∼ 0.2%. Most data are first-time measurements. The sample includes 27 BAL QSOs and 2 gravitational lens candidates (B1429 − 0053 and B2149 − 2745). With previous surveys by 3 The data files and routines were obtained from Schlegel 1998, via http://astro.berkeley.edu/davis/dust/data/bh/index.html Hutsemékers et al. (1998) and Schmidt & Hines (1999) , approximately 70 BAL QSOs have now measured polarization.
The present data show little contamination by interstellar polarization, and virtually any QSO with p ≥ 0.6% is intrinsically polarized. Nine objects have p ≥ 1.0%, and one BAL QSO, B1333+2840, has p = 5.9%. No polarization variability is detected, except, possibly, for the gravitational lens candidate B1429 − 0053.
